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(54) Catalyst for purifying an exhaust gas and process for producing the same 



(57) A catalyst for purifying an exhaust gas includes 
a composite oxide support and a platinum structural 
layer. The composite oxide support has a spinel struc- 
ture expressed by M • Al 2 0 4 in which M is an alkaline- 
earth metal. The platinum structural layer is formed on a 
surface of the composite oxide support and includes a 
matrix composed mainly of an alkaline-earth metal 



oxide in which platinum clusters are dispersed uni- 
formly. A composite oxide layer can be interposed 
between the composite oxide support and the platinum 
structural layer. Also disclosed is an optimum process 
for producing the catalyst. 



FIG. 1 



1 COMPOSITE OXIDE 
SUPPORT PARTICLE 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a catalyst for purifying an exhaust gas and a process for producing the 
same. More particularly, it relates to a catalyst for purifying an exhaust gas, catalyst which is inhibited from deteriorating 
the purifying performance even when it is used at elevated temperatures in lean atmospheres, and a process for pro- 
w ducing the same. 

Description of the Related Art 

[0002] Conventionally, a noble metal, such as platinum (Pt), rhodium (Rh) and palladium (Pd), is used as a catalyst 
15 component in a catalyst for purifying an exhaust gas, catalyst which is disposed in an exhaust system of an automobile. 
These noble metals are loaded on an oxide support, such as alumina (Al 2 0 3 ), to use. Among them, Pt is more abundant 
than Rh as a resource, and exhibits a higher catalytic activity than Pd. Accordingly, Pt is utilized mainly in a catalyst for 
purifying an exhaust gas for an automobile. 

[0003] However, Pt is oxidized at elevated temperatures in lean atmospheres, is subjected to granular growth, 
20 reduces the specific surface area, and consequently its catalytic activity degrades sharply. Recently, the performance 
of engine has been improved, the chances of high-speed driving have been increased, and further the exhaust-gas reg- 
ulation has been strengthened. As a result, the temperature of the exhaust gas tends to increase more and more. 
Hence, it has been desired strongly to develop means for suppressing the granular growth of Pt. 
[0004] Therefore, the applicant of the present invention proposed in Japanese Unexamined Patent Publication 
25 (KOKAI) No. 62-277,150 proposed a catalyst which utilizes a perovskite-type composite oxide which is composed of Pt 
and a lanthanide element or an alkaline-earth element. In accordance with this catalyst, the thermal deterioration and 
the alloying of Pt are suppressed with respect to the conventional Pt/ Al 2 0 3 catalyst. Accordingly, the durability of the 
catalyst is enhanced remarkably. 

[0005] However, the recent exhaust-gas temperature is considerably high. Even in the catalyst disclosed in Japa- 
30 nese Unexamined Patent Publication (KOKAI) No. 62-277,150, the perovskite-type composite oxide starts degrading 
thermally in the temperature region exceeding 900 °C. Hence, in order to cope with the further heightening of the 
exhaust-gas temperature in the near future, it is necessary to suppress the granular growth of Pt even in the tempera- 
ture region exceeding 1,000 °C. 

[0006] Therefore, the inventors of the present invention made a research and development earnestly, and proposed 
35 a catalyst in Japanese Unexamined Patent Publication (KOKAI) No. 10-358. The catalyst is made by mixing a powder, 
comprising a Pt composite oxide, and a y -Al 2 0 3 powder. The Pt composite oxide contains Pt and one or more element 
selected from the group consisting of alkaline-earth elements and group 3A elements in the periodic table of the ele- 
ments. In accordance with the catalyst, since Pt is taken in into the crystals of the composite oxide and it is stabilized 
therein, it is possible to achieve a high heat resistance of 1,000 °C or more. 
40 [0007] However, even when the catalyst disclosed in Japanese Unexamined Patent Publication (KOKAI) No. 10- 
358 is used at elevated temperatures in lean atmospheres, it has been revealed that the Pt composite oxide is sub- 
jected to the sintering to a certain extent. Accordingly, it has been found that the specific surface area decreases so that 
the purifying performance degrades. 

[0008] The present invention has been developed in view of the aforementioned circumstances. It is therefore an 
45 object of the present invention to suppress the sintering of the Pt composite oxide by further enhancing the heat resist- 
ance of the Pt composite oxide, and to further upgrade the durability by suppressing the granular growth of Pt clusters. 

SUMMARY OF THE INVENTION 

so [0009] A first aspect of the present invention carries out the aforementioned objects, and is characterized in that it 
is a catalyst for purifying an exhaust gas, comprising: 

a composite oxide support having a spinel structure expressed by M • Al 2 0 4 in which M is an alkaline-earth metal; 
and 

55 a platinum structural layer formed on a surface of said composite oxide support and including a matrix composed 
mainly of an alkaline-earth metal oxide in which platinum clusters are dispersed uniformly. 



[0010] A second aspect of the present invention is characterized in that it is a catalyst for purifying an exhaust gas, 
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comprising: 

a composite oxide support having a spinel structure expressed by M • Al 2 0 4 in which M is an alkaline-earth metal; 
a composite oxide layer formed on a surface of said composite oxide support and containing the M and an alkaline- 
5 earth metal other than the M at least; and 

a platinum structural layer formed on a surface of said composite oxide layer and including a matrix composed 
mainly of an alkaline-earth metal oxide in which platinum clusters are dispersed uniformly. 

[0011] A third aspect of the present invention is a process optimum for producing the aforementioned catalysts, and 
w is characterized in that it is a process for producing a catalyst for purifying an exhaust gas, comprising the steps of: 

mixing a solution, in which an alkoxide containing an alkaline-earth metal and a platinum compound are solved, 
with composite oxide support particles having a spinel structure expressed by M • Al 2 0 4 in which M is an alkaline- 
earth metal, thereby hydrolyzing the alkoxide; and 
15 burning the resulting hydrolyzed products, thereby forming a platinum structural layer on a surface of the composite 
oxide support particles, the platinum structural layer including a matrix composed mainly of an alkaline-earth metal 
oxide in which platinum clusters are dispersed uniformly. 

[0012] Namely, in accordance with the present exhaust-gas purifying catalysts, the coarsening of the Pt clusters 
20 can be furthermore suppressed. Accordingly, the present exhaust-gas purifying catalysts can exhibit high purifying per- 
formance even after a durability processing in which they are heated at 1,000 °C, and are extremely good in terms of 
the heat resistance. 

[0013] Whilst in accordance with the present production process, the aforementioned catalysts having good heat 
resistance can be produced stably and securely. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] A more complete appreciation of the present invention and many of its advantages will be readily obtained 
as the same becomes better understood by reference to the following detailed description when considered in connec- 
30 tion with the accompanying drawings and detailed specification, all of which forms a part of the disclosure: 

Fig. 1 is a schematic cross-sectional view for illustrating an arrangement of an exhaust-gas purifying catalyst of an 
example according to the present invention; 

Fig. 2 is an electron microscope photograph for illustrating an initial particulate arrangement of a catalyst of Exam- 
35 pie No. 2; 

Fig. 3 is an electron microscope photograph for illustrating a particulate arrangement of the catalyst of Example No. 
2 after a durability test; 

Fig. 4 is an electron microscope photograph for illustrating a particulate arrangement of a catalyst of Comparative 
Example No. 1 after a durability test; and 
40 Fig. 5 is a graph for illustrating particle-diameter distributions of the catalysts of Example No.2 and Comparative 
Example No. 1 after a durability test. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

45 [0015] Having generally described the present invention, a further understanding can be obtained by reference to 
the specific preferred embodiments which are provided herein for the purpose of illustration only and not intended to 
limit the scope of the appended claims. 

[0016] According to the studies of the inventors of the present invention, the following were found out: the sintering 
of the Pt composite oxide occurs most greatly when the Pt composite oxide is present independently; the sintering 

so occurs less but greatly when the Pt composite oxide is mixed with an oxide support; and the sintering is suppressed 
most when the Pt composite oxide is formed on a surface of the oxide support in a laminar manner. 
[0017] Moreover, it was found out that the oxide support is less likely to react with the Pt composite oxide when the 
composite oxide support is employed which has a spinel structure expressed by M • Al 2 0 4 in which M is an alkaline- 
earth metal. In addition, it was revealed that platinum clusters are extremely stable even at 1 ,000 °C in a platinum struc- 

55 ture which includes a matrix composed mainly of an alkaline-earth metal oxide in which platinum clusters are dispersed 
uniformly. The present invention has been developed based upon these discoveries. 

[0018] For instance, in the present exhaust-gas purifying catalyst, the platinum structural layer is formed on a sur- 
face of the composite oxide support. The composite oxide support has a spinel structure expressed by M • Al 2 0 4 in 
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which M is an alkaline-earth metal. The platinum structural layer includes the matrix composed mainly of the alkaline- 
earth metal oxide in which the platinum clusters are dispersed uniformly. The platinum clusters in the platinum structure 
is extremely stable even when they were heated at 1 ,000 °C. 

[0019] An oxide, such as Al 2 0 3 and Si0 2 , reacts with the platinum structure at elevated temperatures to generate 
5 SrAI 2 0 4 , and the like, for example. Accordingly, the stability of the platinum clusters is low, and the platinum clusters 
become coarse. Thus, there arises a drawback in that the purifying performance degrades. However, the composite 
oxide support having a spinel structure expressed by M * Al 2 0 4 in which M is an alkaline-earth metal element is less 
likely to react with the platinum structure even at elevated temperatures. Consequently, the platinum clusters are less 
likely to become coarse. 

10 [0020] Furthermore, the sintering of the platinum structure itself can be suppressed by forming the platinum struc- 
ture in a laminar manner. Accordingly, it is possible to suppress the coarsening of the platinum clusters which results 
from the sintering of the platinum structure itself. 

[0021] In the present exhaust-gas purifying catalysts, it is considered that the platinum clusters are inhibited from 
becoming coarse by the synergetic effects of these operations. Thus, the present exhaust-gas purifying catalysts are 

15 extremely good in terms of the heat resistance. 

[0022] The composite oxide support having a spinel structure is expressed by M • Al 2 0 4 . The alkaline-earth metal 
M can be at least one member selected from the group consisting of Mg, Ca, Sr and Ba. Among them, it is especially 
preferable to employ one of Sr and Ba at least. It is more preferable that the composite oxide support exhibits a higher 
specific surface area. However, it is important that the specific surface area does not vary before and after a durability 

20 test. When the specific surface area does not vary before and after a durability test, the composite oxide support fully 
effects the advantages even when the specific surface area is about 15 m 2 /g. 

[0023] The platinum structural layer is constituted by uniformly dispersing the platinum clusters in the matrix com- 
posed mainly of an alkaline-earth metal oxide. The alkaline-earth metal can be at least one member selected from the 
group consisting of Mg, Ca, Sr and Ba. 

25 [0024] The platinum structure is a structure which includes the matrix composed mainly of an alkaline-earth metal 
oxide in which the platinum clusters are dispersed uniformly. The specific composition is unknown, but it is considered 
as a composite oxide of an alkaline-earth metal and Pt. Concerning the composition of the platinum structural layer, the 
ratio of alkaline-earth metal with respect to platinum can preferably fall in the range of from 2 : 1 to 70 : 1 by a molar 
ratio. When the platinum clusters are less than the range, no desired purifying activity is obtained. When the platinum 

30 clusters are more than the range, the platinum clusters are likely to grow granularly if they are subjected to elevated 
temperatures. 

[0025] It is preferred that a particle diameter of the platinum clusters in the platinum structure can be 1 0 nm or less. 
When the particle diameter of the platinum clusters is more than 10 nm, the surface area is reduced to decrease the 
catalytic active sites. Accordingly, no desirable catalytic activity can be obtained. When the particle diameter of the plat- 
35 inum clusters is 1 0 nm or less, the particle diameter of the platinum clusters can be 1 0 nm or less even after a durability 
test is carried out in which the present catalysts are heated at 1 ,000 °C for 5 hours. Consequently, high purifying per- 
formance can be maintained after the durability test. 

[0026] It is preferred that a thickness of the platinum structural layer can be 0.05 |i m or less. It is especially pre- 
ferred that the thickness can be on the order of primary particles. When the thickness of the platinum structural layer 

40 thickens, there arises the sintering of the platinum structure itself unpreferably. 

[0027] In the present exhaust-gas purifying catalyst according to the second aspect of the present invention, the 
composite oxide layer is formed between the aforementioned composite oxide support and the platinum structural layer. 
The composite oxide layer contains the alkaline-earth metal M, which is a constituent element of M • Al 2 0 4 working as 
the composite oxide support, and an alkaline-earth metal other than the M. By interposing the composite oxide layer, 

45 the adhesion strength between the composite oxide support and the platinum structural layer is improved so that the 
sintering of the platinum structural layer can be furthermore suppressed. 

[0028] It is preferred that the alkaline-earth metal other than the M of the constituent element of the composite oxide 
layer can be identical with the alkaline-earth metal of the constituent element of the platinum structural layer. Thus, the 
adhesion strength between the composite oxide support and the platinum structural layer is furthermore improved so 
so that the sintering of the platinum structural layer can be moreover suppressed. 

[0029] It is preferred that a thickness of the composite oxide layer can fall in the range of from 0.02 to 0.1 \x m. When 
the thickness of the composite oxide layer comes out of the range, the adhesion strength between the composite oxide 
support and the platinum structural layer is not improved desirably. 

[0030] By the way, the specific surface area of a catalyst is proportional to a number of platinum active sites which 
55 are present on the surface of the catalyst. Accordingly, a larger specific surface area is more preferable. In order to 
increase the specific surface area, it is preferable to employ a fine particle-shaped composite oxide support exhibiting 
a specific surface area of 15 m 2 /g or more as aforementioned, and to form the laminar platinum structural layer on the 
surface. In order to thus form the laminar platinum structural layer, it is possible to utilize the alkoxide method (or solgel 
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method) or the gas-phase decomposition method. 

[0031 J Hence, in the present production process for stably producing the present exhaust-gas purifying catalysts, a 
solution, in which an alkoxide containing an alkaline-earth metal element and a platinum compound are solved, is first 
mixed with composite oxide support particles having a spinel structure expressed by M • Al 2 0 4 in which M is an alka- 

5 line-earth metal, and thereby the alkoxide is hydrolyzed. Then, the resulting hydrolyzed products are burned, and 
thereby the platinum structural layer is formed on a surface of the composite oxide support particles. 
[0032] In the alkoxide method, an alkoxide is solved in a solvent, such as an alcohol, to prepare a solution. The 
alkoxide is hydrolyzed and aged to precipitate oxide precursors, i.e., solid hydroxides. Then, the precipitated oxide pre- 
cursors are burned to form oxides. Therefore, in the present production process, the hydroxides formed by hydrolyzing 

w and aging are precipitated on the surface of the coexisting composite oxide support particles, and they are burned and 
formed as the laminar platinum structural layer on the surface of the particle-shaped support. 
[0033] As for the composite oxide support employed in the present production process, it is possible to use the 
composite oxide support identical with the one used in the present exhaust-gas purifying catalysts. As for the solvent 
solving the alkoxide, a variety of alcohols can be used independently, or two or more of them can be mixed to use. It is 

15 preferred that a mixed solvent of an ether and an alcohol can be used. With this arrangement, the precipitation of Pt 
acetylacetonate is suppressed during the hydrolysis, and a homogenous gel can be obtained. The kinds and mixing 
ratios of the ether and alcohol can be selected variously in accordance with the kinds and amounts of the employed 
alkoxides. 

[0034] The resulting present catalysts can be pelletized by ordinary methods, and can be put into actual applica- 
20 tions as a pelletized catalyst Moreover, they can be coated on a honeycomb support substrate made of cordierite or 
metal, and can be put into actual applications as a monolithic catalyst. Thus, they can be used in diverse usages, such 
as oxidizing catalysts, 3-way catalysts, lean-burn engine catalysts, diesel engine catalysts and NO x storage-and-reduc- 
tion type catalysts. 

[0035] The present invention will be hereinafter described in detail with reference to examples and comparative 
25 examples. 

Example No. 1 

[0036] Fig. 1 illustrates a schematic cross-sectional view of a catalyst which was prepared in this example. This cat- 
alyst is composed of a composite oxide particle 1 and a platinum structural layer 2. The composite oxide particle 1 com- 
prises MgAI 2 0 4 . The platinum structural layer 2 is formed on the surface of the composite oxide particle 1 , and is 
assumed to have a structure, Sr 5 Pt0 7 . A production process of this catalyst will be hereinafter described, and the 
description substitutes for the detailed description of the arrangement of the catalyst. 

[0037] 75 g of 2-propanol and 25 g of 2-methoxymethanol were mixed. Into the mixed solvent, 3.29 g of Sr(OC 3 H 7 ) 2 
and 1 .26 g of Pt(C 5 H 7 0 2 )2 were charged. The resulting mixture was stirred under reflux at 80 °C for 12 hours, thereby 
preparing an alkoxide solution. 

[0038] Whilst, 75 g of 2-propanol and 25 g of 2-methoxymethanol were mixed. Into the mixed solvent, 47.6 g of 
commercially available MgAI 2 0 4 (specific surface area 20 m 2 /g) was added. The resulting mixture was stirred, and was 
heated at 80 °C, thereby preparing a support dispersion. 

[0039] Then, into the support dispersion held at 80 °C, the aforementioned alkoxide solution held at 80 °C was 
added. The resulting mixture was held at 80 °C, and was stirred under reflux for 1 hour. While stirring the mixture, 0.40 
g of deionized water was added. The mixture was again held at 80 °C, and was further stirred under reflux for 4 hours, 
thereby carrying out the hydrolysis and aging. 

[0040] The resulting dispersion was degreased with an aspirator at 100 °C, was thereafter further degreased in N 2 
at 300 °C, and was finally burned at 500 °C for 3 hours. Thus, a catalyst powder of this example was obtained. This 
catalyst is believed to be constituted by forming the platinum structural layer expressed by Sr 5 Pt0 7 on the surface of 
the MgAI 2 0 4 support. The loading amount of Pt was 1.25% by weight. 

[0041] An electron microscope photograph of this catalyst is shown in Fig. 2. From Fig. 2, it is apparent that the plat- 
inum clusters of less than 10 nm were formed on the surface of the MgAI 2 0 4 support. 

Example No.2 

[0042] Except that 4.09 g of Ba(OC 3 H 7 ) 2 was used instead of Sr(OC 3 H 7 ) 2 , a catalyst of Example No. 2 was pre- 
pared in the same manner as Example No. 1 . This catalyst is believed to be constituted by forming the platinum com- 
55 posite oxide layer expressed by Ba 5 Pt0 7 on the surface of the MgAI 2 0 4 support. The loading amount of Pt was 1 .25% 
by weight. 



Example No. 3 
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[0043] Sr(OC 3 H 7 ) 2 and AI(OC 3 H 7 ) 3 were used, and SrAI 2 0 4 was synthesized by the sol-gel method. The final burn- 
ing conditions were 1 ,000 °C for 5 hours. The specific surface area of the resulting SrAI 2 0 4 was 22 m 2 /g. 
5 [0044] Except that 4.09 g of this SrAI 2 0 4 was used instead of MgAI 2 0 4 , a catalyst of Example No.3 was prepared 
in the same manner as Example No. 1. This catalyst is believed to be constituted by forming the platinum composite 
oxide layer expressed by Sr 5 Pt0 7 on the surface of the SrAI 2 0 4 support. The loading amount of Pt was 1 .25% by 
weight. 

10 Example No. 4 

[0045] Ba(OC 3 H 7 ) 2 and AI(OC 3 H 7 ) 3 were used, and BaAI 2 0 4 was synthesized by the sol-gel method. The final 
burning conditions were 1 ,000 °C for 5 hours. The specific surface area of the resulting BaAI 2 0 4 was 43 m 2 /g. 
[0046] Except that 4.09 g of this BaAI 2 0 4 was used instead of MgAI 2 0 4 , and except that 4.09 g of Ba(OC 3 H 7 ) 2 was 
15 used instead of Sr(OC 3 H 7 ) 2 , a catalyst of Example No. 4 was prepared in the same manner as Example No. 1. This 
catalyst is believed to be constituted by forming the platinum composite oxide layer expressed by Ba 5 Pt0 7 on the sur- 
face of the BaAI 2 0 4 support. The loading amount of Pt was 1 .25% by weight. 

Example No. 5 

20 

[0047] Except that the oxidized state of the loading component was assumed to be Sr 60 PtO 62 after the burning so 
that the charging amounts of the raw materials were adjusted, a catalyst of Example No. 5 was prepared in the same 
manner as Example No. 1 . This catalyst is believed to be constituted by forming the platinum structural layer expressed 
by Sr 60 PtO 62 on the surface of the MgAI 2 0 4 support. The loading amount of Pt was 1 .25% by weight. 

25 

Example No. 6 

[0048] Except that the oxidized state of the loading component was assumed to be SrPt0 3 after the burning so that 
the charging amounts of the raw materials were adjusted, a catalyst of Example No.6 was prepared in the same manner 
30 as Example No. 1. This catalyst is believed to be constituted by forming the platinum structural layer expressed by 
SrPt0 3 on the surface of the MgAI 2 0 4 support. The loading amount of Pt was 1 .25% by weight. 

Example No. 7 

35 [0049] Except that the oxidized state of the loading component was assumed to be Sr 90 PtO 47 after the burning so 
that the charging amounts of the raw materials were adjusted, a catalyst of Example No. 7 was prepared in the same 
manner as Example No. 1 . This catalyst is believed to be constituted by forming the platinum structural layer expressed 
by Sr 90 PtO 47 on the surface of the MgAI 2 0 4 support. The loading amount of Pt was 1 .25% by weight 

4 o Example No. 8 

[0050] Except that Ba(OC 3 H 7 ) 2 was used instead of Sr(OC 3 H 7 ) 2 , and except that the oxidized state of the loading 
component was assumed to be Ba 20 PtO 62 after the burning so that the charging amounts of the raw materials were 
adjusted, a catalyst of Example No.8 was prepared in the same manner as Example No. 1 . This catalyst is believed to 
45 be constituted by forming the platinum structural layer expressed by Ba 20 PtO 62 on the surface of the MgAI 2 0 4 support. 
The loading amount of Pt was 1 .25% by weight. 

Example No. 9 

50 [0051] The oxidized state of the loading component was assumed to be Sr 5 PtO 7 /SrMgAI 0 2 0 2 3 /MgAI 2 0 4 after the 
burning so that the charging-and-loading amounts were calculated. 

[0052] Into 200 g of deionized water, 47.12 g of commercially available MgAI 2 0 4 (specific surface area 25 m 2 /g) 
was charged. Next, 0.6772 g of Sr(N0 3 ) 2> 0.8205 g of Mg(N0 3 ) 2 • 6H 2 0 and 0.2400 g of AI(N0 3 ) 3 • 9H 2 0 were added 
and solved into the resulting dispersion. While stirring the dispersion, the dispersion was heated at 100 °C to evaporate 
55 the water content. Then, the resultant cake was dried at 120 °C, and was burned at 800 °C for 3 hours. Thus, a powder 
was prepared whose MgAI 2 0 4 particulate's surface was provided with an Sr-Mg-AI composite oxide layer. 
[0053] Except that the aforementioned powder was used instead of MgAI 2 0 4 , a catalyst of Example No. 9 was pre- 
pared in the same manner as Example No. 1 . This catalyst is believed to be constituted by forming the Sr-Mg-AI com- 
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posite oxide layer on the surface of the MgAI 2 0 4 particulate and further forming the platinum structural layer expressed 
by Sr 5 Pt0 7 on the surface of the Sr-Mg-AI composite oxide layer. The loading amount of Pt was 1 .25% by weight 

Example No. 10 

5 

[0054] The oxidized state of the loading component was assumed to be Ba 5 Pt07/BaMg0 2 /MgAI 2 04 after the burn- 
ing so that the charging-and-loading amounts were calculated. 

[0055] Into 200 g of deionized water, 48.66 g of commercially available MgAI 2 0 4 (specific surface area 25 m 2 /g) 
was charged. Next, 0.8363 g of Ba(N0 3 ) 2 , 0.8205 g of Mg(N0 3 ) 2 • 6H 2 0 were added and solved into the resulting dis- 
w persion. While stirring the dispersion, the dispersion was heated at 100 °C to evaporate the water content. Then, the 
resultant cake was dried at 120 °C, and was burned at 800 °C for 3 hours. Thus, a powder was prepared whose 
MgAI 2 0 4 particulate's surface was provided With a Ba-Mg composite oxide layer. 

[0056] Except that the aforementioned powder was used instead of MgAI 2 0 4 , a catalyst of Example No. 10 was 
prepared in the same manner as Example No.2. This catalyst is believed to be constituted by forming the Ba-Mg com- 
15 posite oxide layer on the surface of the MgAI 2 0 4 particulate and further forming the platinum structural layer expressed 
by Ba 5 Pt0 7 on the surface of the Ba-Mg composite oxide layer. The loading amount of Pt was 1.25% by weight. 

Comparative Example No. 1 

20 [0057] Into 200 g of deionized water, 12.63 g of a dinitrodiammine platinum nitrate aqueous solution was added 
which contained Pt in an amount of 4.0% by weight by a metallic Pt conversion, and 49.37 g of a y-AI 2 0 3 powder (spe- 
cific surface area 180 m 2 /g) was further added. While stirring the resulting dispersion, the dispersion was heated at 
100°C to evaporate the water content. Then, the resultant cake was dried at 120 °C for 24 hours, and was thereafter 
burned in air at 500 °C for 1 hour. Thus, a catalyst powder of Comparative Example No. 1 was obtained. 

25 [0058] The catalyst of this Comparative Example No. 1 is believed that Pt was highly dispersed even in the pores 
of the y -Al 2 0 3 particulates. The loading amount of Pt was 1 .25% by weight 

Comparative Example No.2 

30 [0059] Into 200 g of deionized water, 1 1.32 g of a dinitrodiammine platinum nitrate aqueous solution was added 
which contained Pt in an amount of 4.0% by weight by a metallic Pt conversion, 3.02 g of rhodium nitrate was further 
added which contained Rh in an amount of 3% by weight by a metallic Rh conversion, and 49.46 g of a y-AI 2 0 3 powder 
(specific surface area 180 m 2 /g) was furthermore added. While stirring the resulting dispersion, the dispersion was 
heated at 100 °C to evaporate the water content. Then, the resultant cake was dried at 120 °C for 24 hours, and was 

35 thereafter burned in air at 500 °C for 1 hour. Thus, a catalyst powder of Comparative Example No. 2 was obtained. 
[0060] The catalyst of this Comparative Example No.2 is believed that Pt and Rh were highly dispersed even in the 
pores of the y -Al 2 0 3 particulates. The loading amount of Pt was 0.91% by weight, and the loading amount of Rh was 
0.18% by weight. 

40 Comparative Example No.3 

[0061] Into 200 g of deionized water, 12.63 g of a dinitrodiammine platinum nitrate aqueous solution was added 
which contained Pt in an amount of 4.0% by weight by a metallic Pt conversion, and 49.37 g of a MgAI 2 0 4 powder (spe- 
cific surface area 25 m 2 /g) was further added. While stirring the resulting dispersion, the dispersion was heated at 100 
45 °C to evaporate the water content. Then, the resultant cake was dried at 1 20 °C for 24 hours, and was thereafter burned 
in air at 500°C for 1 hour. Thus, a catalyst powder of Comparative Example No.3 was obtained. 
[0062] The catalyst of this Comparative Example No.3 is believed that Pt was highly dispersed even in the pores of 
the MgAI 2 0 4 particulates. The loading amount of Pt was 1.25% by weight. 

50 Comparative Example No.4 

[0063] The oxidized state of the loading component was assumed to be Sr 5 Pt0 7 after the burning so that the charg- 
ing-and-loading amounts were calculated. 

[0064] Into 200 g of deionized water, 47.62 g of a commercially available y -Al 2 0 3 powder (specific surface area 1 80 
55 m 2 /g) was charged. Further, 3.386 g of Sr(N0 3 ) 2 and 15.63 g of a dinitrodiammine platinum nitrate aqueous solution, 
which contained Pt in an mount of 4.0% by weight by a metallic Pt conversion, were added and solved. While stirring 
the resulting dispersion, the dispersion was heated at 100 °C to evaporate the water content. Then, the resultant cake 
was dried at 1 20 °C for 24 hours, and was thereafter burned in air at 500 °C for 1 hour. Thus, a catalyst powder of Com- 
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parative Example No. 4 was obtained. 

[0065] The catalyst of this Comparative Example No. 4 is believed to be constituted by forming the platinum struc- 
tural layer expressed by Sr 5 Pt0 7 on the surfaces of the Al 2 0 3 particulates. The loading amount of Pt was 1 .25% by 
weight. 

5 

Comparative Example No. 5 

[0066] The oxidized state of the loading component was assumed to be Sr 5 Pt0 7 after the burning so that the charg- 
ing-and-loading mounts were calculated. 

w [0067] Into 200 g of deionized water, 47.62 g of a commercially available Si0 2 powder (specific surface area 350 
m 2 /g) was charged. Further, 3.386 g of Sr(N0 3 ) 2 and 15.63 g of a dinitrodiammine platinum nitrate aqueous solution, 
which contained Pt in an amount of 4.0% by weight by a metallic Pt conversion, were added and solved. While stirring 
the resulting dispersion, the dispersion was heated at 100 °C to evaporate the water content. Then, the resultant cake 
was dried at 1 20 °C for 24 hours, and was thereafter burned in air at 700 °C for 1 hour. Thus, a catalyst powder of Com- 

15 parative Example No. 5 was obtained. 

[0068] The catalyst of this Comparative Example No. 5 is believed to be constituted by forming the platinum struc- 
tural layer expressed by Sr 5 Pt0 7 on the surfaces of the Si0 2 particulates. The loading amount of Pt was 1.25% by 
weight. 

20 Comparative Example No. 6 

[0069] The oxidized state of the loading component was assumed to be Sr 5 Pt0 7 after the burning so that the charg- 
ing-and-loading amounts were calculated. 

[0070] Into 200 g of deionized water, 47.62 g of a commercially available Zr0 2 powder (specific surface area 49 
25 m 2 /g) was charged. Further, 3.386 g of Sr(N0 3 ) 2 and 15.63 g of a dinitrodiammine platinum nitrate aqueous solution, 
which contained Pt in an amount of 4.0% by weight by a metallic Pt conversion, were added and solved. While stirring 
the resulting dispersion, the dispersion was heated at 100 °C to evaporate the water content. Then, the resultant cake 
was dried at 120 °C for 24 hours, and was thereafter burned in air at 700 °C for 1 hour. Thus, a catalyst powder of Com- 
parative Example No. 6 was obtained. 
30 [0071] The catalyst of this Comparative Example No.6 is believed to be constituted by forming the platinum struc- 
tural layer expressed by Sr 5 Pt0 7 on the surfaces of the Zr0 2 particulates. The loading amount of Pt was 1.25% by 
weight. 

Comparative Example No. 7 

35 

[0072] The oxidized state of the loading component was assumed to be Ba 5 PtO ? after the burning so that the 
charging-and-loading amounts were calculated. 

[0073] Into 200 g of deionized water, 47.62 g of a commercially available y-AI 2 0 3 powder (specific surface area 180 
m 2 /g) was charged. Further, 3.386 g of Ba(N0 3 ) 2 and 15.63 g of a dinitrodiammine platinum nitrate aqueous solution, 
40 which contained Pt in an amount of 4.0% by weight by a metallic Pt conversion, were added and solved. While stirring 
the resulting dispersion, the dispersion was heated at 100 °C to evaporate the water content. Then, the resultant cake 
was dried at 1 20 °C for 24 hours, and was thereafter burned in air at 700 °C for 1 hour. Thus, a catalyst powder of Com- 
parative Example No. 7 was obtained. 

[0074] The catalyst of this Comparative Example No. 7 is believed to be constituted by forming the platinum struc- 
45 tural layer expressed by Ba 5 Pt0 7 on the surfaces of the Al 2 0 3 particulates. The loading amount of Pt was 1 .25% by 
weight. 

Evaluation and Examination 

so [0075] The catalysts of Example Nos. 1 through 10 and the catalysts of Comparative Example Nos. 1 through 7 
were pressurized respectively by an ordinary-temperature hydrostatic-pressure pressing machine (CIP). Thereafter, 
they were pulverized, and were thereby formed into pellet-shaped particles having a diameter of from 1 .0 to 1 .7 mm. 
Each of the resulting pelletized catalysts was placed in an ordinary-pressure flow-system durability testing apparatus, 
and was processed for durability in a durability model gas at 1,000 °C for 5 hours. The composition of the durability 

55 model gas is set forth in Table 1 , and was equivalent to A/F = 1 6 with S0 2 added. 

[0076] After the durability processing, each of the pelletized catalysts was placed in an ordinary-pressure flow-sys- 
tem reactor testing apparatus in an amount of 2.0 g, respectively, and an evaluation model gas was supplied thereinto 
at a flow rate of 5 L/min. The composition of the evaluation model gas is set forth in Table 1 , and was equivalent to the 
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stoichiometric point. The conversions of the C 3 H 6 component and the NO component were measured under a steady 
state at various catalyst bed temperatures, respectively. Note that the definition of the conversion is expressed by the 
following equation. 

5 Conversion = 100 x {(Concentration in Inlet Gas) - (Concentration in Outlet Gas)}/(Concentration in Inlet Gas) 



Table 1 





0 2 (%) 


CO (%) 


C3H3 (%) 


NO (%) 


C0 2 (%) 


H 2 0 (%) 


S0 2 (ppm) 


N 2 


Durability Model 
Gas 


1.50 


0.10 


0.057 


0.25 


14.5 


10 


50 


Balance 


Evaluation Model 
Gas 


0.30 


0.20 


0.067 


0.20 


14.5 


10 


None 


Balance 



[0077] According to the obtained results, the relationships between the catalyst bed temperatures and the conver- 
sions were plotted, respectively, and the temperatures were determined at which the conversions were 50%. The 
20 results are summarized in Table 2. Note that, in Table 2, "HC-T50" means the 50% conversion temperature for the C 3 H 6 
component, and that "NO-T50" means the 50% conversion temperature for the NO component. 



Table 2 



25 




Composition 


HC-T50 (°C) 


NO-T50 (°C) 




Example No.1 


Sr 5 Pt0 7 /MgAI 2 04 


305 


307 




Example No.2 


Ba 5 Pt0 7 /MgAI 2 0 4 


299 


299 


30 


Example No.3 


Sr 5 Pt0 7 /SrAI 2 0 4 


307 


306 


Example No.4 


Ba 5 Pt0 7 /BaAI 2 0 4 


299 


299 




Example No.5 


Sr 60 PtO 62 /MgAI 2 O 4 


309 


308 




Example N0.6 


SrPt0 3 /MgAI 2 0 4 


328 


332 


35 


Example No.7 


Sr 90 PtO 47 /MgAI 2 O 4 


333 


338 




Example N0.8 


Ba 20 PtO 62 /MgAI 2 O 4 


296 


297 




Example No.9 


Sr 5 PtO 7 /Sr-Mg-AI 02 /MgAI 2 O 4 


293 


295 


40 


Example No.10 


Ba 5 Pt0 7 /Ba-Mg/MgAI 2 0 4 


290 


290 




Comp. Ex. No.1 


Pt/Al 2 0 3 


332 


330 




Comp. Ex. No.2 


Pt • Rh/Al 2 0 3 


314 


307 




Comp. Ex. No.3 


Pt/MgAI 2 0 4 


460 


478 


45 


Comp. Ex. No.4 


Sr 5 Pt0 7 /AI 2 0 3 


374 


394 




Comp. Ex. No.5 


Sr 5 Pt0 7 /Si0 2 


421 


473 




Comp. Ex. N0.6 


Sr 5 Pt0 7 /Zr0 2 


412 


430 


50 


Comp. Ex. No. 7 


Ba 5 Pt0 7 /AI 2 0 3 


387 


416 



[0078] It is apparent from Table 2 that the catalysts of examples were good in terms of the HC and NO purifying 
activities, and that they were also good in terms of the durability. Moreover, it is understood that the puritying activities 
55 after the durability test were furthermore improved in the catalysts, such as Example No. 9 and Example No. 10, in 
which the composite oxide layers were interposed between the composite oxide supports, having the spinel structure, 
and the platinum structural layers, and in which the composite oxide layers contained the alkaline-earth metal elements 
contained in two kinds of the composite oxide supports and the platinum structural layers. 
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[0079] Example No. 6 and Example No. 7 were inferior to the other examples in terms of the purifying activities after 
the durability test. This phenomenon is believed to have occurred due to the following reasons. The purifying activities 
were low initially because the Pt contents were excessive or insufficient in the platinum structural layers. The granular 
growth of the platinum clusters arose in the durability test. 

5 [0080] Next, the catalysts of Example No. 2 and Comparative Example No. 1 were observed with a scanning-type 
electron microscope (TEM) before and after the durability test, thereby analyzing the particle diameter distributions of 
Pt. The results are shown in Figs. 2 through 5. Note that the state of the catalyst of Comparative Example No. 1 before 
the durability test is not shown in the drawings because Pt was dispersed and loaded in an atomic manner so that it was 
difficult to observe the catalyst with the TEM before the durability test. 

w [0081] The following are appreciated from Figs. 2 through 4. In the catalyst of Comparative Example No. 1 , the Pt 
clusters were coarsened by the durability test to a particle diameter which exceeded 10 nm, and no Pt clusters, which 
were 10 nm or less, were observed. Whilst, in the catalyst of Example No. 2, the coarsening of the Pt clusters was 
developed as a whole after the durability test. However, there existed the Pt clusters which were 1 0 nm or less after the 
durability test. 

15 [0082] Moreover, it is seen from Fig. 5 that the catalyst of Example No. 2 exhibited the particle diameter distribution 
of Pt much finer than that of the catalyst of Comparative Example No. 1 . 

[0083] Namely, it is believed that the catalyst of Example No. 2 exhibited high purifying activities even after the dura- 
bility test because there existed a large number of the Pt clusters which were 20 nm or less. 

[0084] In addition, the EDX was carried out in order to analyze the elements in the superficial regions of the catalyst 
20 of Example No.2 after the durability test. Note that the EDX analysis was carried out under the conditions set forth in 
Table 3. 

Table 3 

25 Accelerating Voltage: 20.00 kV 

Probe Current: 0.22 nA 
BG Point: 3.63 keV, 8.50 keV 
Electron Beam Incident Angle: 90.0 deg. 

30 

X-ray Take-Out Angle: 30.0 deg. 
Measuring Time: 100 sec. 

35 [0085] As a result, the matrix where the Pt clusters of Example No.2 were present was found to be BaS0 4 . Namely, 
it is apparent that, despite the fact that the matrix of the platinum structural layer was poisoned by sulfur in the durability 
test, the Pt clusters were inhibited from coarsening. It is believed that this advantage resulted from the arrangement that 
the composite oxide support having the spinel structure was used. 

[0086] Having now fully described the present invention, it will be apparent to one of ordinary skill in the art that 
40 many changes and modifications can be made thereto without departing from the spirit or scope of the present inven- 
tion as set forth herein 

[0087] A catalyst for purifying an exhaust gas includes a composite oxide support and a platinum structural layer. 
The composite oxide support has a spinel structure expressed by M • Al 2 0 4 in which M is an alkaline-earth metal. The 
platinum structural layer is formed on a surface of the composite oxide support and includes a matrix composed mainly 
45 of an alkaline-earth metal oxide in which platinum clusters are dispersed uniformly. A composite oxide layer can be 
interposed between the composite oxide support and the platinum structural layer. Also disclosed is an optimum proc- 
ess for producing the catalyst. 

Claims 

50 

1 . A catalyst for purifying an exhaust gas, comprising: 

a composite oxide support having a spinel structure expressed by M • Al 2 0 4 in which M is an alkaline-earth 
metal; and 

55 a platinum structural layer formed on a surface of said composite oxide support and including a matrix com- 

posed mainly of an alkaline-earth metal oxide in which platinum clusters are dispersed uniformly. 



2. A catalyst for purifying an exhaust gas, comprising: 
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a composite oxide support having a spinel structure expressed by M • Al 2 0 4 in which M is an alkaline-earth 
metal; 

a composite oxide layer formed on a surface of said composite oxide support and containing the M and an 
alkaline-earth metal other than the M at least; and 
5 a platinum structural layer formed on a surface of said composite oxide layer and including a matrix composed 

mainly of an alkaline-earth metal oxide in which platinum clusters are dispersed uniformly. 

3. The catalyst according to Claim 1 or 2, wherein the alkaline-earth metal M is at least one member selected from 
the group consisting of Mg, Ca, Sr and Ba. 

10 

4. The catalyst according to Claim 3, wherein the alkaline-earth metal M is at least one member selected from the 
group consisting of Sr and Ba. 

5. The catalyst according to Claim 1 or 2, wherein the alkaline-earth metal oxide of said platinum structural layer is at 
15 least one oxide selected from the group consisting of oxides of Mg, Ca, Sr and Ba. 

6. The catalyst according to Claim 1 or 2, in said platinum structural layer, the ratio of alkaline-earth metal with respect 
to platinum falls in the range of from 2 : 1 to 70 : 1 by a molar ratio. 

20 7. The catalyst according to Claim 1 or 2, wherein the platinum clusters of said platinum structural layer are 10 nm or 
less. 

8. The catalyst according to Claim 1 or 2, wherein a thickness of said platinum structural layer is 0.05 |i m or less. 

25 9. The catalyst according to Claim 2, wherein the alkaline-earth metal other than the M is identical with the alkaline- 
earth metal of said platinum structural layer. 

10. The catalyst according to Claim 2, wherein a thickness of said composite oxide layer falls in the range of from 0.02 
to 0.1 |i m. 

30 

11. A process for producing a catalyst for purifying an exhaust gas, comprising the steps of: 

mixing a solution, in which an alkoxide containing an alkaline-earth metal and a platinum compound are 
solved, with composite oxide support particles having a spinel structure expressed by M • Al 2 0 4 in which M is 
35 an alkaline-earth metal, thereby hydrolyzing the alkoxide; and 

burning the resulting hydrolyzed products, thereby forming a platinum structural layer on a surface of the com- 
posite oxide support particles, the platinum structural layer including a matrix composed mainly of an alkaline- 
earth metal oxide in which platinum clusters are dispersed uniformly. 

40 12. The process according to Claim 1 1 , wherein the alkoxide and the platinum compound are solved in a mixture sol- 
vent comprising an ether and an alcohol. 



45 



50 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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